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ABSTRACT 


This study investigated the relationship of mode of 
presentation to student performance in arithmetic problem 
solving. Other variables studied were reading ability, 
arithmetic ability and type of school. 

The population used in this study consisted of 234 
grade six students in the six Alberta schools, three of which 
were Individually Prescribed Instruction (IPI) schools, and 
three were Control schools. All grade six students in these 
schools were randomly assigned to one of four presentation 
modes of a problem solving test. These test modes consisted 
of the R-mode, based on the written word, an LR-mode which 
included a taped accompaniment of the printed test, plus 
the same R-mode; the VR-mode that consisted of visuals to 
accompany the R-mode; and the fourth alternate, the RLV-mode 
combining the reading, listening and visual aspects of 
communication. 

Students were also administered the reading section 
of The Metropolitan Achievement Test and from the results of 
this: test.grouped into high: and low ability readers. A 
similar high and low dichotomy was obtained for all subjects 
on the basis of arithmetic ability as. measured by the 
arithmetic section of The Canadian Test of Basic Skills. 


Both the one-way analysis of variance and two-way 
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iv 
analysis of covariance were the statistical techniques used 
in the analysis of the resulting data. 

The analysis revealed that within the total sample 
studied, there were no significant differences between the 
four modes of presentation. There were significant differences 
between high and low ability students in arithmetic and 
reading with respect to the four different modes of presen- 
tation. There were no significant differences between the 
two types of schools. No significant interactions between 
mode of presentation and each of the variables of arithmetic 


ability, reading ability and type of school, were found. 
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Chapter 1 
INTRODUCTION STO IEE STUDY 
GENERAL INTRODUCTION 


Whatever the classroom organization within a school, 
the teacher or teaching team is required to make repeated 
instructional decisions. For example, how can the content 
best be presented for a desired learning situation? Or, 
how could instruction be differentiated in order to accommo- 
date various individual and multiple groupings? There are 
questions which are related to the pacing of subject matter, 
and with considerations of the individual's abilities, inter- 
ests, and needs. These are issues which should be the con- 
cern of all those who have a part in dertermining classroom 
practice. 

Team teaching, non-graded classrooms, programed 
learning, and student grouping, have been organizational 
techniques designed to administratively accommodate the many 
differences among individual learners. Currently, in order 
to approach new solutions to questions raised above, many 
educators are engaged in active research on individualized 
instruction and learning. The Science Research Associates 
and Research for Better Schools group are two organizations 


that are doing work in this area. There are other subject 
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programs such as The Individualized Mathematics Curriculum 
Project (IMCP) that pursue similar lines of research. 

Individually Prescribed Instruction (IPI), being 
field-tested by Research for Better School, typifies active 
research into individualized learning. Hypothetically, IPI 
consists of "planning and conducting, with each student, a 
program of studies that is tailored to his needs and to his 
characteristics as a learner" (Human Resources Research 
Council Prospectus, 1969). 

The program, currently under study by the Human 
Resources Research Council of Alberta, in three Alberta 
schools, more specifically, is a project exploring such areas 
as rate of learning, amount of practice, and to some extent, 
preference for mode of presentation. 

This study will concentrate on mode of presentation 


in mathematical problem solving. 
BACKGROUND AND JUSTIFICATION OF THE PROBLEM 


"Reading in the language of arithmetic demands 
mastery of both verbal and mathematical symbols. The language 
in the mathematics field is concise, the reading is precise, 
Darcucular and critical’ (Taschow, 19697 p. 1) 

There is also evidence that the predominant arithmetic 
problem solving mode is the printed word, and that many Ol Our 
readers, both student and adult, demonstrate less than satis- 
factory performances in reading. This has spelled failure 


to many students. A closer look at what reading is may 
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better, cOnvinceluastoenthuse fact 

Harris (1962) says that reading is a communication 
between someone who has something to express and someone who 
receives the message. He sees reading as an "active process 
that requires the focusing of the eyes on printed symbols in 
terms:of past: recollections of the word") (p: 10). Reading, 
he says, "is a process in which meaning builds up as the con- 
cepts aroused by the printed word become organized into 
larger and more comprehensive ideas" (p. 10). This meaning 
should illicit a reaction on the part of the learner, accor- 
dangr to Harris. "Reading is:a way of learning, changing, and 
developing . . . it can enrich and enable, it can delude and 
debase" (p. 13). 

What is also important for successful reading is the 
experiential background of the child. Jenkinson (1960) 
stressed the importance of bringing meaning to the printed 
page. She says that "constructing meaning is a vital pre- 
requisite of all reading" and she points out that reading 
"is a form of thinking, problem-solving or reasoning which 
involves analyzing and discriminating, judging, evaluating 
andesynthesazing"i(pshl).” iTrumpeda947)esupportsathis view 
when he states that "a child can read with comprehension to 
the extent that he brings to the activity a suitable back- 
ground experience" (p. 56). This background, to Trump, 
involves two essential parts, that part which relates to the 
mechanics of reading and language, and that part which 
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The child then, who lacks a suitable background of 
related experience, most likely will have reading difficul- 
ties, and consequently, in solving verbal arithmetic problems. 

To the experiential requirement in reading, Trump 
(1947) also adds the need for a "consistent. interest,, desire 
and purpose" (p. 56). Student attitude toward a subject does 
affect performance in that subject. Although, research has 
shown that mathematical activities are generally enjoyed by 
students, Dutton (1956), fom example, peported that majar 
reasons for pupils dislike of mathematics include lack of 
understanding, high level difficulty, poor achievement, and 
lack of interest in certain aspects of mathematics. Harris 
(1962) says that "parents whose own educational experiences 
were less than satisfactory, and whose work demands little 
or no education, tend to place little importance on education 
in, general and reading in particular” (po. 7).. 

Relating reading and mathematics, Smith (1965) has 
made the statement that "reading is a complex activity, 
especially when compounded with mathematical word problems" 
(p. 198). Mathematics text, she says, is unique from other 
textual material, in that "it as complicated. by haying, numeri- 
cal symbols woven into the sentences, along with the word 
evmbols” ‘(p.. 198). 

Considering the problem more closely, Johnson (1966) 
Sayeo unaw: 

A pupil in mathematics looks upon a situation as a 

problem provided that he feels impelled toward actLon 


for some reason or another, that he has clearly in mind 
what the goal is, and that he is puzzled but not 
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frustrated about what action to take (p. 8)’. 

Cross and McDonald (1958) add a complexing note to 
problem solving, when they say the process involves three 
necessary but difficult functions: “(])) an orientation tunc— 
tion, (2) an elaborative and analytic function, and (3) a 
Srlelcoa Wilunection. «(pe 260) 

Not all students possess the level of thinking required 
for success in much of the school's problem-solving curricu- 
lum. As a result, many could become frustrated to the point 
of not really becoming involved in the problem. Cronbach 
(1948) gave support to an earlier conjecture, that a problem 
may not be communicated to the solver for a variety of reasons. 
He emphasized that "difficulty may ensue because reading 
skills of a high order are required to make sense of complex 
sentences found in the statement of problems" (p. 5). 

In summary then, the complexity of both the communi- 
cation and problem solving processes cause students a good 
deal of misery. It is questions related to these complexi- 
ties that this study wishes to pursue. Specifically, could 
students become more successful in arithmetic problem sol- 
ving, if individual instructional styles were taken into 
account? Could mode of presentation of problems be a worth- 
while consideration for instructional programs which are 


individualized in design? 
STATEMENT OF THE PROBLEM 


The classroom teacher, one of whose tasks is the 
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efficient presentation of subject content, has several 
avenues of communication available. Two of these avenues 
areethevaudio and > theevisual« 

In presenting arithmetic problems, several variations 
of these two forms can be utilized. For example, a student 
can have the problem read to him by the teacher, or via the 
tape recorder. The problems can also be presented in a form 
where the printed word is supplemented with visual illustra- 
tions.s_Insaddition, icombinations of the verbal« (reading), 
audio, and visual could form alternate presentation modes 
for problem solving content. 

For example, the following presentation mode combina- 
tions are possible: 

(1) Reading Mode (R) 

(2) Listening - Reading Mode (LR) 

(3) Visual - Reading Mode (VR) 

(4) Reading - Listening - Visual Mode (RLV) 

As to how the above four modes may be utilized in 
presenting mathematics content to students the following 
may be considered exemplar. 

The reading mode (R) is heavily used in such instances 
as choosing, using and evaluating arithmetic texts and 
resource materials; following directions; interpreting and 
translating mathematical words and symbols; and in solving 
verbal problems. Concept areas, such as geometry, number 
representations, graphs and "arithmetic in nature," are 


those which perhaps lend themselves more toward visual 
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presentation modes. 

Expanded production and use of educational film and 
tape combined with the perfected electronics media (e.g. 
television) have resulted in vast opportunities for multi- 
sensory arithmetic experiences for students. Perhaps all 
areas of mathematics can be advantageously presented through 
those media which involve students in various combined forms 
of listening (LL), reading (R); and vistalizing (V). Today, 
mathematics games and laboratory experiences are providing 
exciting multimode avenues for communicating concepts in 
Such areas as geometry, tesselations, design, number and 
number systems, measurement, the operations, estimating and 
money. Perhaps the results of much research will underscore 
the significance of any move toward multi-sensory modes of 
presenting mathematics to children. 

With this~thought, the purposes of this study. are: 

(ly VWordetermine the relationship of modes of pre= 
sentation to student performance in arithmetic problem- 
solving, when reading achievement and arithmetic achievement 
are controlled both together and separately. 

(2) To determine the effects of modes of presentation 
on student performance in arithmetic problem solving for 
students in the IPI and control schools, when controlling, 
both together and separately for arithmetic and reading 


achievement. 
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DEFINITION OF TERMS 


Verbal Problem Solving - refers to the quantitative 
Situation stated in words (rather than mathematical symbols 
only) so that the essential elements and the aritmetic DrO- 
cess necessary for its solution must be determined by the 
problem solver. 

R-test.- a ten question arithmetic problem solving 
test stated in words rather than symbols only (Appendix 1). 

UR-test = a verbal problem solving “test (R-test) plus 
a taped verbatim accompaniment. 

VR-test - a verbal problem solving test (R-test) with 
equivalent content accompanied in visual form. 

RLV-test - a verbal problem solving test (R-test) 
plus the taped (listening) and the pictured (visual) problem 
solving test equivalents. 

HA - a group of students who scored above a. set 
criterion measure in reading and/or arithmetic. 

LA - a group of students who scored below a set 
Criterion measure in reading and/or arithmetic. (Note: 
Criterra tor HA and LA designations are outlined In Chapter: 3). 

IPI Schools - the schools and students who are 
involved in the experiments in Individually Prescribed Instruc- 
tion under the direction of the Human Resources Research 
Council of Alberta. They are Forest Heights in Edmonton, 

St. Vincent De Paul in Calgary and Millarville in the Foot- 


brulee School. Division. 


Control Schools - those schools selected by the 
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9 
Alberta Human Resources Research Council to serve as controls 
for the IPI schools. They are Princeton in Edmonton, St. Leo 


in Calgary and Red Deer Lake in the Foothills School Division. 
HYPOTHESES: TO BE TESTED 


(1) On the criteria of problem solving, there are no 
Significant differences among the scores of groups who were 
presented with different modes. 

(2) Controlling for reading ability there is no sSig- 
nificant interaction between modes of presentation and arith- 
metic ability, relative to the criteria of problem solving. 

(3) Controlling for reading ability there are no sig- 
nificant differences between high and low arithmetic ability 
groups on the criteria of problem solving. 

(4) Controlling for arithmetic ability there is no 
Significant interaction between modes of presentation and 
reading ability, relative to the criteria of problem solving. 

(5) Controlling for arithmetic ability there are no 
significant differences between the high and low reading 
ability groups on the criteria of problem solving. 

(6) Controlling Lor reading and arithmetic abilacy 
there is no significant interaction between types of schools 
(IPI - control) and modes of presentation relative to the 
criteria of problem solving 

(7) Controlling for reading and arithmetic ability 
there are no significant differences between IPI and control 


schools on the criteria of problem solving. 
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(8) Controlling, for reading ability there are no 
Significant differences between IPI and control schools on 
the criteriap,o£f. problem, selvings 
(9) Controlling for arithmetic ability there. are no 
Significant differences between IPI and control schools on 


thescriteria oftproblem solvingd 
LIMITATIONS OF THE STUDY 


(1) Personal factors: There was no attempt to deter- 
mine the influence of socio-economic status, motivational 
level, or exact age. 

(2) Motivational factors: There was no deliberate 
attempt to extrinsically motivate the subjects. A short 
explanation of the operation of the car odometer and the 
Significance of yard markings on the football field may, 
however, have had some motivational effect. 

(3) Instrument factor: Since the test designed by 
the researcher was not validated, perhaps this could be 
regarded as a limitation of the study. 

(4) Geographic area: The general location of the 
population schools was not considered in this study. Choices 
of IPI and control schools, made by the Human Resources 


Research Council of Alberta were accepted for this study. 
THE EXPERIMENTAL SETTING 


The population for this study censisted of all. grade 


six students (243) in the IPI and Control Schools currently 


/ on 916 9xedd rattide pasbsox x08 patitoxsnod @ 
mn eLoorice Loxtnoo bas I9I neswied sanuszeiil Me 
-poivloe meldoug to sinaetiao 
on exp stedt yeilide osisemditixs tot puillorned (e@) 
fo eloordve Loxtaos bas Ia qeewsod esonexS2iib tnsoitiopie | 
sentviog meido1q to sivetixo ost 7 


‘ - 
YauT2 BHT 1O eYvOrTATIMII ban 
Ay 


-tefeb of tqmet35 on gw sient :2et0tost Ianoered (L) . | 
fsrottsvisom \eudste simonoos-olsoce to sonsnftnt eds antba 
opp josxe xo Level 
sie itsdiieab pl cate 9ieitl saxtogost Isaoitesvisom (9%) 
txorie A .etostdue ods otsvitom yilssienixttxs ot tqmegss 
eft bas xetesmobo 189 5d to noiisiteqo sit to sotsensigue  ~ 
.ysm Bblert Ilsdsooi sit no apniaxism bisy, to eonsoddhawbe 
.jJostis Isnotisvizom smoze bsd syed ,azsvewod Hi 
yd benpteeb teed’ sd eonte :xotost daemuasent (€) ant 
ad blyov eLns egsdisg .bosebilsv toa esw sefiorssesa edt 
-ybuse eft io nolistimst : 2s bebispet a) 
sit to motssool Isisnsp siT :ssis oidgsiposD (b) ., : 
gepiodd .ybute eidt ai betebianop jon esw elooroe noitsingog 
eagowoees asmuH odt yd sbam et gagss loutnaod brs rar fe 7 


ach 


ebsip iis to beseienos Ybuse elds 103 nok suse eft 
yltnexxus eloodoe foxsod rast rar edt ed (EBS). 


Anal 
being studied by the Human Resources Research Council of 
Alberta. 

Since both the reading and arithmetic abilities of 
the students taking the four problem solving test modes were 
to be factors in the study, appropriate tests were adminis- 
tered to all subjects. The reading section of The Metropoli- 
tan Achievement Test and the arithmetic concepts and problem 
solving sections of The Canadian Test of Basic Skills were 
the specific instruments used to determine student ability in 


these areas. 
OUTLINE OF THE REPORT 


in Chapeer™ 1] o£ this study, the overall®and™specpiic 
problem was introduced. Chapter 2 contains a review of the 
related literature. Chapter 3 contains a detailed description 
of each aspect of the experimental design, presentation equip- 
ment, materials and method, and the statistical design used 
to test the hypotheses. The analysis of the research data 
istcentained=in Chapter 4. The £1fth and tanal chapter 
includes a summary of the study, discusses the conclusions 
and implications of the study and suggests ideas for further 


research. 
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Chapter 2 
RELATED LITERATURE 
PROBLEM SOLVING 


Perhaps the one thing that the literature on problem 
solving has shown is that, although we underscore the signifi- 
cance Of the concept, in school and dally life curriculum, we 
do not fully understand the meaning of the concept. Kilpat- 
rick (1969) writes that "the pre-eminence of problem-solving 
ability as a goal of mathematics instruction has long been 
admitted; but like the weather, problem-solving has been more 
talked about than predicted, controlled or understood" (p. 523). 
Although this study is not concentrated on problem solving as 
such, but with the way in which problems are presented, the 
writer recognizes that there are many factors which can 
influence the students’ success or failure in this phase of 
the arithmetic program particularly. 

Bingham (1958), for example, illustrates the complex- 
ity of the problem solving process in her suggested sequence 
for solving problems. 


(1) Identifying the problem and feeling the need to 
pursue it. 


(2) Seeking to clarify the problem and understand its 
nature, scope and sub-problems. 


(SyY"collecting data andsinrormation related to: the 
problem. 
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(4) Selecting and organizing the data which apply 
most pertinently to the crux of the problem. 


(5) Determining the various possible solutions in 
view of the assembled data and knowledge of the 
problem. 


(6) Evaluating the solutions and selecting the best 
one for the situation. 


(7) Putting the? solution anto action. 


(8) Evaluating the problem-solving process employed. 
Gene dish ey) 


In the above light it is perhaps understandable why 
some children have difficulty with problem solving. Besides 
this complex aspect of process, one finds the subject loaded 
with intricately related skills. Martin (1963) writes: 

Uncertainty exists concerning the interaction of 

problem solving ability and other forms of achievement. 
This is not surprising since the solving of problems is 
a highly complex process that brings into use all the 
higher mental processes. Comprehension, inference, 


association, comparison, abstraction, thinking, reasoning 
and generalization appear to be involved. (p. 3) 


INDIVIDUALS' SKILLS AND PROBLEM SOLVING 


As previously mentioned, the written problem seems to 
be the predominant mode for presenting arithmetic verbal 
problems. When this is the case, the reading abilities of 
partaking students are not always considered. Lee and 
Phillips (1968), for example, compared the reading abilities 
of one hundred grade six students to the readability of their 
arithmetic textbooks. From the Gates Reading Survey they 
obtained a reading score for each student and with all student 
reading scores, reported a range of from grade 4.0 to grade 


10.9. Using the Dale-Chall Formula for Predicting Readability 
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14 
on their subject's arithmetic text, the authors also obtained 
individual readability scores. These scores, based on eight 
text samples, ranged from grades 4.8 to 8.6, with a mean 
readability of grade 6.6. However, upon closer comparison 
of the reading achievement of the students, and the readabil- 
ity of the text, they found that 85 percent of the students 
would have difficulty reading three of the eight text samples, 
while 30 percent would experience difficulty reading any one 
of them. 

Martin (1963) found that each: of the factors of 
reading comprehension, computation, abstract verbal reasoning 
and arithmetic concepts were correlated with problem solving 
ability as measured by the Arithmetic Problem Solving Test 
section of the Iowa Tests of Basic Skills. On the analysis 
of the test, given to fourth and eighth graders, she found 
that the correlation between reading and problem solving 
ability with computation°held constant wasshighereat both 
grade levels than the correlation between computational and 
problem solving ability, with reading held constant. 

Tracey (1944) comparing good and poor problem solvers 
on fifteen reading skills, with mental and chronological age 
controlled, reported that good achievers were significantly 
superior to poor achievers in (1) quantitative relationships 
(2) perception of relationships (3) vocabulary in context and 
isolation (4) retention of clearly stated details (5) drawing 


of inferences from context, and (6) reading level. 


Curry (1955), discussing the difficulty students have 
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15 
with arithmetic problem solving, says that one reason for 
concern is the fact that the reading of problems requires a 
type,,of) Kneading, that ~dsi.quite,.different. from otherssituations. 
Curry says that in reading problems, "many students give 
every indication that they are merely repeating words and 
thus do not attach any meaning to these words" (p. 1). Some 
children, he says, develop habits of looking for cue words 
which indicate the process to use in solving a problem, while 
others simply pull numbers from a problem, then manipulate 
them in some way to arrive at an answer. 

The literature included thus far succeeds, primarily 
in underlining the complexity of problem solving and the 
interaction of this process with such skills as are related 


to the reading act and to intelligence. 
VARIETY IN PRESENTING PROBLEMS 


The literature to follow leads more to the theme of 
this study; that which looks. at. different.ways of presenting 
learning or work material to individuals. 

For some time it has been suggested that the greater 
Variety of situations to.which a. child must, accomodate his 
behavior, the more flexible his attitude becomes. To this 
Biggs (1969) says that "the pupil of the electronics age 
requires an educational environment that allows him maximum 
patiicipation, in discovery ig. «wey ecnools,. . + must provade 
a multiplicity of stimuli that will spark the child's curios- 


ity.and.engender.a continuing desire, to learn”.(p.,4). 
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Bingham (1958) feels that allowing children variation 
in the "ways of working" is an important condition in building 
a conducive problem solving environment. In her own words: 

A program filled with many different ways of working 
provides opportunities for various problems to arise 
naturally, promotes possibilities for the teacher or an 
individual child to make the rest of the group aware of 
diverse problems, and leads the child to resourcefulness 
in seeking problem solutions. A cross section of ways of 
working is needed to challenge individual interests and 
powers. It is needed to stir imagination, encourage ideas, 
multiply recognized choices, foster creativity, provide 
different forms of action, and influence a disposition 
toward problem solving. (p. 55) 

The report of a recent UNESCO conference suggests that 
the involvement of more senses results in more efficient 
learning. "If a child only hears, but does not see, he does 
not learn as well as if he hears and sees at the same time. 


If he can touch as well as hear and see, he will learn more 


soundly." (Biggs and MacLean, 1969, p. 4) 
PROBLEM SOLVING SUCCESS AND MODES OF PRESENTATION 


Interest in the comparative effects of different 
modes, or channels of communication was understandably lacking 
prior to the wide use of radio, and somewhat later, television. 
With the introduction of these and other electronic devices 
into schools however, both media and educational researchers 
have been prompted to test the possible advantages and disad- 
vantages of the main communication modes; specifically, the 
audio, the pictorial, and the print. 

Hartman (1961) reviewed much of the research which 


compared the above mentioned channels. For example, shi) 
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LW 
fourteen studies which used nonsense syllables and digits as 
the material to be learned, Hartman found eight which favored 
the print channel; five that reported the audio most effective 
and one study that indicated no difference. He also found 
that the results which favored the audio, were with young 
children while those which favored the print dealt with older 
children and adults. 

In fifteen studies, also comparing the audio and the 
print modes, but with material to be learned that of meaning- 
ful words presented in serial order, Hartman (1961) located 
eight studies favoring the print mode; three favoring the 
audio and four which reported no significant difference. 

Here also, those studies giving advantage to the audio 
channel used material more suitable for young children, while 
those favoring the print were adult orientated. From the 
findings of both of these studies, Hartman made the following 
generalization: "Relative channel effectiveness depends upon 
the difficulty or complexity of the material for a given 
group of subjects provided the subject can read" (p. 237). 

It seems reasonable to assume that the limited reading skills 
of the younger children would be a significant factor in 
making the audio mode their favorite. 

In studies which examined the pictorial mode in 
relation to the audio and print modes, Hartman reported as 
follows: In fourteen of these reviewed studies, five found 
advantages for the pictorial over the print. Six of these 


studies found superiority for pictorial over audio, and three 
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reported no consistent differences. 

Hartman (1961) also gave some interesting research 
summaries which centered on combinations of presentation 
modes. Of thirteen of such studies, four supported the 
audio with pictorial channels over the audio alone; three 
studies found the audio with pictorial mode better than the 
DiGtorial alone: 

Grosslight and Kale (1955) in one such study, reported 
advantages=for a. print with pictorial) combination, but not 
for the audio-pictorial forms. Hartman (1961) also found the 
audio-pictorial the least satisfactory of the verbal-pictorial 
combinations. 

A research project by Burt (1967) which also attempted 
to determine the comparative effectiveness of different modes 
of presentation, appears worthy of more detail. The modes 
UEivized diehiststudy were. che visual-verbal (print erst) ), 
the visual-non-verbal (picture or To) 1 and the audio-verbal 
(spoken word or T3). Mode effectiveness was measured by the 
number of errors made in learning a list of paired associate 
tasks, and by retention of the learning which was measured 
ae four dirferent time intervals: 

One hundred and twenty-eight grade eight students 
were randomly placed in three treatment groups and four post- 
test groups as illustrated in Table l. 

During the learning phase of the study, Burt presented 
the stimulus and response halves of the learning tasks’ 


together. The subjects were presented with the constant 
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20 
stimulus half of the paired associates in the form of a pro- 
jected, printed word. “The response half of the pair was 
simultaneously presented in the form of a printed word, as a 
picture, or as a spoken word, depending upon which treatment 
group the subject was a member of. Each subject was exposed 
to only one response mode. 

To test each subject, the printed stimulus word was 
presented, and the pupil responded by selecting the printed 
word, picture, or by saying the correct response, again 
depending upon the mode by which the learning task was pre- 
sented. As each pair (stimulus and response) was "learned" 
to a criteria of two correct responses, it was eliminated 
from the presentation. The researcher kept a score of each 
response until all pairs were learned. In addition, each 
subject was post-tested once, according to the post-test 
group to which each had been assigned. 

Burt's analysis of results indicated that in the 
sample of grade eight students, those who were taught the 
printed, low in meaninfulness stimuli word, with picture 
response, had significantly fewer errors to criterion than 
those students who were presented the learning tasks with 
either the printed or spoken word responses. He reported no 
significant difference in the number of errors to learning 
criterion between students who had learned using visual- 
verbal (print) and those who had learned using the auditory- 
verbal (spoken) response modes. After a delayed testing of 


five days the student who was given the pictured response 
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mode scored significantly better than either the spoken or 
the printed word response mode groups. 

Collet (1964) hypothesized that other things being 
equal, the efficiency of the teaching technique increased 
with the number of sense modalaties being used. In order to 
test the above hypothesis, three comparable groups of junior 
high students were taught equivalent tasks by three different 
techniques. The first teaching technique employed visual 
clues only, the second used both visual and auditory cues, 
and the third used the visual, auditory and the kinesthetic 
cues. The task in which Collet had his subjects perform was 
the learning of a set of symbols which represented certain 
letters of the alphabet. After correcting for possible 
effect due to differences among the sets of symbols used, and 
the different orders of presentation, each group was taught 
by all three techniques and in the process used all sets of 
symbols. 

At the end of the treatment segment of his experiment, 
Collet administered the same test to all three groups, but 
assigned marks to the visual, audio-visual, or audio-visual- 
kinesthetic categories depending upon which technique was 
used for teaching the particular symbols. Thus a visual, an 
audio-visual, and an audio-visual-kinesthetic score was 
obtained for each individual. Using the analysis of variance 
technique on his data, Collet found some rather significant 
correlations from which the following statements were made: 


(Ll) For most students, audio-visual-kinesthetic tech- 
niques were more efficient than the visual techniques 
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for the teaching of symbols. 
(2) For most students, audio-visual-kinesthetic tech- 
niques were more efficient than the audio-visual tech- 
niques for the teaching of symbols. 
(3) For most students, audio-visual techniques were more 
efficient than visual techniques for teaching symbol 
recognition, but there seems to be no difference for 
teaching students to draw the symbol from memory. (p. 2) 

A recent graduate research project by Riva-Cambrin, 
and Anderson (1969) dealt with the comparative effects of 
two different modes of presenting arithmetic problems and 
the resulting findings provided some of the inspiration for 
this study. Fifty grade six students were divided into two 
groups and each group administered two problem solving tests. 
Although the two tests differed in presentation mode, (test 
A, a verbal problem solving test requiring reading, test B 
in cartoon form with few words) they basically tested the 
same things. Both groups of students were required to take 
the two test sections, test A and test B; one group was 
admanistered test A first, while the other, test B first. 

A comprehensive reading score was obtained for each pupil 
from the results of the Gates Reading Test which had been 
administered in June of 1969. 

An analysis of results showed that it did not matter 
which test was written first, as both groups achieved signifi- 
cantly better results on test B, the cartoon form of the 
problem solving test. When the comprehensive reading scores 
of the students were compared with the percentage increases 


(test B over test A), it was found that the lower the reading 


scores of the pupils, the more the benefit from the cartoon 


. oo mY 7 Ve Brae sl+ | 
rvs : P hho - 
ef ‘J ue sin vis 


( 1 
. 


«p03 > yeaniet-Levadv- eg sbuse taom 2 
- i reine e10m sue 
foes eel tv-otbus pr aa ad ae otkaoaad eats aah z aoaee. 


2 07 ow 
& ney ie ,etnebuse seom 
area pitrvsst xot esupindoss {sueiv osds tnotol et 
402 sone1stiib on od oF emese, si9d3 gud \. 
(S .q) .ytomem moxt Lodmye st weib ot etnesbute’ pris 
miidmso-svic yd s+oafoxrg siomsseot eaisubsip tasoet A 
40 adosiits avitsiusqmoo edt dtiw tlesb (eget) aceiener. 
bas emefdotg vitemisixs patineastg to. esbom saxottib ¢ 
rot dsoitssiiqenti eft to smoe bebivozg aparbrtt palsies « 
ows od¢nt bebivib g1sw astasbuste xite ebsip ysiitt .ybude 1 


atest pmivloe meidoxrq owt bereteinimbs quoxp foss Sas equ 


Pha 
4eo4+) .sbom motistasesiq oi bersiiib etest ows ofid apsons 
: D 


& test ,pnibsex pnixiupst test pnivios moidoiq isdiev * 


= 


eit bestest ylisotiesd yodst (ebtow wet dsiw aiot noot189 9 
) @ 
sist oF boaxigpsr stew esasbute to equoitp diod .epatds mse 
| a | 
esw gvoxip smo ;8 teet bas A sest ,enolksose Jesy ows ems 
¥ 7 


.jatit A 4203 ,todto ody olidw ,terit A teodt bexrsdeiak Ds 


‘ 

; , oe aa 
fiquq dose xot boenissdo esw si0oe paihssi sviensds Gao A 
q 


need Bs doinw tesT patbsod esis ony to etfvest sds x bt 
~s ' 
.89eL to -snut nai bexede 


testsem ton bib ti dgeds boworle esivesx io stay iene aA | 
~iitinple boeveirios aquoxp djod es \textt asttixw ea deed 4 | 
sit 20 miot moosiss ert ,d@ teot no edfuees wedded y 

apicD0e patbsst aviansies rqmoo, eds asdW Pel — 

| weessioni spstmsoisq sit diiw bexsgmoo Fa 

oa - ptbsex sit xswol add sent Bao} ese 3f 0 


vi : wails moxt atta, la in! i ce 
= . te - 


oe; 


= 
7 


23 


Setting. (Figure 1) 
SUMMARY 


In summary, research appears to give support to the 
contention that many factors contribute to the student 
success or failure in activities related to arithmetic 
problem solving. The complexity of the problem solving 
process, the interrelatedness of this process with many of 
the communication skills, and the general ability of the 
student, are examples. 

There is also an increasing amount of literature and 
research that reports the relative effectiveness of the 
communication channels with regard to the presentation of 
classroom content. There exists a distinct need however, for 
research which looks at specific learners of high, average and 
low ability and how these learners respond to the various 


modes through which»ecurricular’materials are presented). 
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FIGURE 1 


PROBLEM SOLVING TEST SCORE INCREASES AND 
COMPREHENSIVE READING ABILITY 
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Chapter 3 
METHODS AND PROCEDURE 
THE SAMPLE 


The population and sample for this study consisted 
of all 234 grade six pupils enrolled in the six schools 
under study by the Human Resources Research Council of 
Aiberca., That is, all grade’ isix pupils an the IPl schools 
(Forest Heights Elementary, St. Vincent De Paul Elementary 
and Millarville School) and their respective controls 
(Princeton Elementary, St. Leo Elementary, and Red Deer Lake 
School). 

The grade six students were chosen for this study for 
a variety of reasons. First, perhaps, the students, by this 
stage of development, have their own preferred styles of 
learning fairly well established. Secondly, at this level 
one may assume, with fair assurance, that a wide range of 
student performance and ability exists, particularly in the 
communication skills of reading, listening and interpreting. 
This assumption should also hold for the skills of arithmetic, 
The results ot a pilot study also indicated’ that the’ concent 
and ditficulty of, the problem solving test used in the four 


treatment modes was most compatable with this particular 


Group: of students. 
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TEST MATERIALS 


The Problem Solving Tests 

The basic problems common to all four treatment modes 
were designed specifically for this study by the researcher. 
Logically, they were designed with specific criteria in mind. 
Each of the ten problems were to: 

(1) be novel in the sense of being both interesting 
and new to the students in the study, 

(2) be consistent with the range of ability levels 
of the students in the sample, and 

(3) be conducive to visual and auditory representation 
as well as to the usual printed form. 

Multiple choice answers to the problems were not 
randomly chosen mistakes, but represented both computational 
and operational errors. 

To the R-test and the VR-test provided in Appendix A 
and B, were added a taped verbatim of each, to enable the 
four presentation modes used in the study. 

Necessarily, each treatment mode was constructed so 
as to be an equivalent form of the other three; the differ- 
ences between them being in presentation mode only. In this 
Way Only could Statistical dititerences be ALtributed to tie 
effects of mode of presentation. 

An internal reliability score was obtained for all the 
problem solving test modes in combination. Since each test 
was structurally identical, this was considered acceptable. 


The Kuder Richardson test of Internal Reliability Formula 20 
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was the specific instrument used and it yielded a figure of 


solo4. 


The Metropolitan Achievement Test 


The reading section of this test was Used ae s. basis 
for determining the reading ability of each subject in the 
sample. All grade six pupils in the schools (IPI and CONTROL) 
were administered the test and grade equivalents were calcu- 
lated for each of these pupils. 

Basically, the reading section of The Metropolitan 
Achievement Test consists of a series of reading selections, 
each followed by several questions designed to measure 
various aspects of reading comprehension, including the 
LOLLowing : 

(1) ability to select the main thought of a passage, 
or to judge its general significance, 

(2) ability to understand the literal meaning of a 
selection, or to locate information explicitly set forth, 

(3) ability to see the relationships among the ideas 
set forth in the selection and to draw correct inferences 
from the selection, 

(4) ability to determine the meaning of a word from 
context or to judge from context which of several possible 
meanings of a word is the appropriate one. 

The selections are reportedly graduated in difficulty 
through control of sentence length and structure, vocabulary, 
and overall length. The authors also say that the questions 


based on each selection vary in difficulty and that there is 
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progression from easy to difficult as the pupil proceeds 
through the test. The time limit on the test (25 minutes), 
appeared generous so that little emphasis was placed on speed 
of reading as such. 

Since the study was looking at the effects of mode of 
presentation with students of high and low ability, students 
were grouped into these categories on the basis of scores 
obtained from The Metropolitan Achievement Test. Details of 
the grouping procedures will be found in the statistical 


design® section of this chapters 


The Canadian Test of Basic Skills (CTBS) 

The mathematics section of this test was administered 
to all students in both IPI and Control schools, by the Human 
Resources Research Council of Alberta. Although the results 
obtained from this test were to serve as pre-scores for the 
Council's comparison of regular and individualized instruction, 
they were also used to determine whether students would be 
placed in the high or the low mathematical ability groups 
required in this study. 

The CTBS, mathematics section, includes two parts. 
The first section, M-l, is designed to evaluate the students 
understanding of their number system, of mathematical terms, 
and of the operations. Broadly, the concepts tested are 
those in currency, decimals, equations, fractions, geometry, 
measurement, numerals and number systems, percentage, ratio 
and proportion, and whole numbers. Each of these larger 


headings are broken into sub-parts with questions based on 
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each of these sub-sections. 
The M=2 section of the CTBS is a test on arithmetic 
problem solving ability. Scores obtained from both of these 
sections were used to arrive at a comprehensive arithmetic 


grade score for each student in the study. 
THE ei bol eS PuDY 


As mentioned, a pilot study was conducted in one 
Edmonton elementary school in order to better match the 
interest and abilities of the students with the four modes 
of the problem solving test. The grade six teacher, for 
example, was asked to select four groups of five students, 
each group to comprise of two high, two low, and one average 
ability pupil. The four groups chosen by the teacher were 
then randomly assigned to one of the four treatment modes. 

The student performances on the four problem solving 
modes were then compared with the teacher designated ability 
levels and the resulting spread of scores analyzed. As 
Pllustrated, iniFigure 2, the difficulty of the four problem 
solving test modes appeared to be consistent with the possible 


range of abilities of grade six students. 
PROCEDURE 


Pupils in each of the six schools were randomly 
assigned to one of the four problem solving modes. Although 
the number of subjects varied from school to school, the 


randomization was such that where possible, within each school, 
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equal numbers of pupils were administered each treatment mode 
Setting. The distribution of pupils to the four modes can be 
seen more. clearly in Table 2. 

The reason for there being fewer subjects in the VR 
and RLV test modes was absenteeism. At no time however, did 
this unequal number of students in the four modes interfere 
with statistical analysis of the data obtained from the 
Students. ||/Hach design either took this fact into account, 
or involved an equal-cells sampling technique. 

As to the actual testing situation, the four problem 
solving test modes were designed so that the researcher was 
able to work with two groups at one time. Since an individual 
reading achievement score was required, the regular classroom 
teacher willingly administered a reading test instrument to 
the two groups not being handled by the researcher. The 
reading section of the Metropolitan Achievement Test was the 
specific instrument used by these teachers. Because both the 
problem solving test and the reading test required approxi- 
mately equal time to complete, exchanging groups for testing 
presented no real difficulty. The physical arrangement of 
student groups is illustrated in Figure 3. 

All students in the study were assured that the 
results from their work would not be used as report card 
evaluation. This was to reduce any test anxiety which the 
students may have had. Students were also told that there 
was to be no time limit on the problem solving test, although 


their reading test would be a timed one. 
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FIGURE 3 


PHYSICAL TESTING ARRANGEMENT 
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Prior to placing any of the pupils in their respec- 
tive treatment groups, a short orientation period was held 
with all pupils to assure their familiarity with the partics= 
ular problem settings in the treatment modes. The reason 
for this session was that some of the pupils would be dis- 
advantaged if they did not understand the use of the car 
odometer and the yard markings on the football field. In 
this orientation, the researcher was careful to give the same 
enstruction tosallewofkthe schoolisein theestudyanciInethis: same 
period, students were also directed in the use of test answer 
sheets as all of their responses were to be recorded on this 
device for both student convenience and the researcher's ease 
of marking. 

The subjects in the R-test treatment mode were given 
an arithmetic problem solving test that necessitated the 
reading of each problem in order to arrive at the desired 
solutions. (See Appendix A). Pupils in the R-test mode 
worked independently while the researcher operated the tape 
recorder for the RLV-test group. 

Subjects in the LR-test treatment were given a taped 
equivalent. of) thesR-test, but, they. could), | indadditiongto 
listening, read the problems, as did those pupils in Treatment 
one. That is, all ten problems and multiple choice options 
in the R-test were recorded on a Cassette tape recorder and 
played through individual listening terminals to each student 
in this group. Although the researcher operated the tape 


recorder for all subjects, they all were assured of abundant 
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time to complete every problem, and that they could request 
a playback at any time. The students in this treatment were 
instructed to read and listen simultaneously to the problems 
as they appeared in the test. They were also told not to 
work ahead, but rather re-read completed questions if they 
had extra time. 

The, contention' in this.mode:was.that:if,less skillful 
readers were allowed to listen to the verbal problems, in 
addition to reading them, they might have demonstrated 
Superior performance. 

Subjects who were randomly placed in the VR-test 
treatment mode were presented a visual illustration in addition 
to the worded problem. (See Appendix B). Students were 
reminded that they could use all available information in 
order to solve the ten problems in this test mode. The dia- 
gram which accompanied each problem was designed so as to be 
an aid to those students who may have preferred visual repre- 
sentation. This test, like the R-test, was worked indepen- 
dently by each student while the-researcher operated the’ tape 
recorder for the LR-test group. 

It follows that the subjects involved in the RLV-test 
group were able to listen and, or read the problems, as well 
as utilize visuals, in their problem solutions. This treat- 
ment was designed so as to appeal to the wide range of indivi- 
dual learning styles. Good readers could read the problems, 
poor readers listen to them, and so-called "visiles," approach 


them pictorially, or some may have chosen to use all modes. 
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36 
Students here were also allowed ample time to complete ques- 
tions and playbacks were allowed. These subjects, like those 
in treatment two, were told that they could: ‘work back but noc 
ahead of the tape recorder. 

In order to nullify any effect which could be caused 
by the order in which reading and problem solving tests were 
given, the order in which these tests were given was reversed 
from the one school to the next. That ds, df the R and. the 
RLV groups at one school were given the Metropolitan Achieve- 
ment Test first, while the LR and the VR test groups were 
simultaneously involved with the problem solving test, the 
order would be reversed for the second school. 

A regular audio Cassette tape recorder was used as 
the means of presenting the listening section of the test. 
This device was connected to one and sometimes two junction 
boxes, to which, from eight to sixteen, headsets could be 
plugged. A headset was worn by each subject in the listening 
modes, and an additional one was used by the researcher. The 
volume and the rate at which problems were presented could 
in this way; be centrolled for stheistudentacvindividuadl vel= 


ume needs could also be adjusted by the student. 
STATISTICAL PROCEDURES 


The analysis of variance technique was chosen as the 
statistical means of analysing the data in this research. 
Hypothesis one, which was looking for significant differences 


among subjects who were presented different modes of the 
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problem solving test in their ability to solve problems, was 


analyzed by the one-way analysis of variance (ANOVA 10)* method. 

The testing of hypothesis two was somewhat more compli- 
cated. Here we were controlling for reading ability and 
looking for significant interaction between modes of presenta- 
tion and arithmetic ability on the criterion of problem sol- 
wIngmeabligity.. The seirst step was to dichotomize the sample 
into high and low arithmetic categories. This was done by 
uUtiligeng the M=l and M-2 scores from The Canadian Test of 
Basic. ckalils. Specifically, those who placed above a combined 
grade score of 6.2 were regarded as of high ability, while 
those who scored below 6.0 were pupils of lower ability. The 
scores of subjects from 6.0 to 6.2 inclusive, represented a 
cut-off, enabling a better high vs low dichotomy. Twenty-eight 
of the total sample were eliminated by using this system. The 
next step in testing the second hypothesis was to set up a 


frequency table in order to establish how many subjects were 
high and how many low in arithmetic ability, and which of these 
were in each of the four modes. Table 3 illustrates this 
arrangement. From this breakdown, students were randomly 
assigned to form the equal cells also shown in Table 3. 


Two-way analysis of covariance (ANCV20), using reading 


as the covariate was the statistical technique used in testing 


this hypothesis. 
Results from the testing of hypothesis three was to 
be found within the analysis output of hypothesis two. 
*The statistical program referred to in this study 


(eng ANOVA 10) are those Mainecarned oy the Division sor 
Fducational Research, University of Alberta, Edmonton. 
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A similar process to that used in testing hypothesis 
two was used for hypothesis four. Here arithmetic ability 
was controlled for and interaction between mode of presen- 
tation and reading ability on the criterion of problem 
Solving ability examined for level of significance. This 
time a dichotomy of high and low readers was established on 
the basis of reading grade scores obtained from The Metro- 
politan Achievement Test. Students who obtained a grade 
Score above 7.0 were grouped high, while those below grade 
6.7 were grouped low in reading ability. The resulting 
distribution is also found in Table 3. Again, subjects whose 
grade scores fell on and between these scores were removed 
so as to obtain better high-low separation. Eleven subjects 
were eliminated in this cut-off. Because the reading levels 
of the students were generally high, and because the testing 
date was late (May 5), the separation points are fairly high. 

The third step in analyzing hypothesis four was to 
sample for equal cells. Two-way analysis of covariance 
(ANCV 20) with arithmetic as the covariate was the statistical 
treatment used to test this hypothesis. 

The information required for checking hypothesis five 


was reported in the analysis of hypothesis four. 


The testing procedure used on hypothesis six was 
similar to that of two and three. A frequency table was 
constructed, this time illustrating those students in the IPI 
and Control Schools who participated in the four problem solving 
test modes. Since equal cells were necessary for the statistical 


design used, twenty students from the total in each cell were 
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40 
randomly reassigned to form the equal cells illustrated in 
Table 4. 

Since hypothesis six was looking for interaction 
between type of schools (IPI and Control) and mode of presen- 
tation of problems, and because reading and arithmetic 
achievement were to be controlled, the two-way analysis of 
covariance (ANCV 20) technique was again utilized. Results 
from the testing of hypothesis seven were to be found within 
the analysis output of hypothesis six. 

Since hypothesis eight and nine were similar to seven, 
they utilized the identical two-way analysis of covariance 
(ANCV 20) technique for checking. However, where hypothesis 
seven used reading and arithmetic as covariates, hypothesis 
eight used reading only and hypothesis nine arithmetic only 


as covariates. 
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Chapter 4 
THE FINDINGS OF THE STUDY 


The findings of the study are presented in two 
sections. The first section contains the analysis of the 
data, with respect to the hypothesis stated in Chapter <1, 
and further described in Chapter 3. The second section con- 
tains a description of various relationships between student 
ability and modes of presentation not found in the major 
hypotheses of the study. A summary of results will conclude 


thus chapter ; 
THE FINDINGS WITH RESPECT 2O THE HYPOTHESES 


Hypothesis One: 

On the Criteria of Problem Solving, there are no 
Significant differences among the scores of groups of 
subjects who were presented with different modes. 

The results from the analysis of this null hypothesis 

reveal that it could not be rejected. As indicated in Table 5, 
at the .05 level there were no significant differences between 
the four presentation mode. groups on the criteria of problem 
solving. 

The table does however, indicate an ordering of the 

mean scores. The lowest mean score was made by the single 


moded R group, while the triple moded RLV group had the 


highest score. Intermediate mean scores were obtained from 
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the two double moded LR and VR groups. 


Hypothesis Two: 

Controlling for “@eading abilaty theme is no signifi- 
cant interaction between modes of presentation and 
arithmetic ability, relative to the criteria of problem 
solving « 

From the two-way analysis of covariance on this 


arrangement, with, reading ability as.the covariate, this 


hypotheszs could net be rejected. This is shown in Table 6. 


Hypothesis Three: 

Controlling for reading ability there are no signifi- 
cant differences between high and low arithmetic ability 
groups on the criteria of problem solving. 

The testing of this null hypothesis by analysis of 

covariance resulted in its being rejected. Table 6 shows 
the level of significance to be .001. 

Table 7 illustrates the problem solving means for 
students of high and low arithmetic ability, separately and 
in the four test modes. Since reading ability was controlled 
for in this analysis the adjusted means are those which have 
taken this skill into account. 

The problem solving mean scores shown in Table 7 
follow a similar pattern to those given in Table 5. Again, 
the R mode group received the lowest mean score while the 
RLV mode group the highest. Although the order is reversed, 


the LR and VR mode groups, in like manner, achieved the inter- 


mediate mean scores. 
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Hypothesis Four: 


Controlling For arithmetic ability there is no signifi- 
cant interaction between mode of presentation and reading 
ability, relative to the criteria of problem solving. 

After testing this hypothesis by the analysis of 
covariance design (arithmetic the covariate), the null hypo- 
thesis again could not be rejected. 

Table 8 indicates that there was no significant inter- 
action between the way in which problems were presented in 


the four modes and the reading ability of the pupils, with 


arithmetic ability used as the controlling factor. 


Hypothesis Five: 

Controlling for arithmetic ability there are no 
Significant differences between the high and low reading 
ability groups on the criteria of problem solving 

The information used to test hypothesis five, found 
in the analysis of hypothesis four, is illustrated in Table 8. 
Clearly, the null hypothesis was rejected in that on the 
criteria of problem solving, there were significant differ- 
ences between the high and low ability reading groups, with 
the etfectwot arithmetic ability controlled.) Table 9 shows 
the adjusted problem solving test means of the high and low 
readers, and of these readers in the four mode groups. 

From Table 9 we find the same ordering arrangement of 
mode groups as those found in Tables 5 and 7. For this high 
and low sample of readers in the four modes, the highest 
problem solving score mean was again made by the RLV mode 
group. The R mode group demonstrated the lowest mean score 


performances, with the intermediate mean scores going to the 
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same LR and VR modes. 


Hypothesis Six: 

Controlling for reading and arithmetic ability there 
is no significant interaction between types. of schools 
(IPI - control) and modes of presentation relative to 
the ¢riteriion of problem solving, 

It followed from the analysis shown in Table 10 that 
the null hypothesis as stated, could not be rejected. That 
is, no predictability was possible between type of school 
and mode of presentation when the arithmetic and reading 
abilities of the subjects were taken into account. 

For the interaction between type of school and presen- 
tation mode to be significant.at the .05 level, with 3 and 150 
degrees of freedom, the F ratio would have had to be greater 


than 2.67. As indicated, the analysis gave an F ratio of 


Ondy “al2 oe 


Hypothesis Seven: 

Gontrolling for reading and arithmetic ability there 
are no significant differences between IPI and control 
schools on ehe craterion of problem solving. 

Table 10 shows that to be able to reject this hypo- 
thesis and- report significance at the .05 level, the analysis 
must have shown an F ratio of at least 3.91. However, the 
reported ratio was only) 2.60; cleamly not significant. That 
is, when the reading and arithmetic abilities: of the students 


were controlled factors, those in the IPI did not do signifi- 


cantly better than those in the control schools on the 


criterion of problem solving. 
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Hypothesis Eight: 

Controlling for reading ability, there are no signifi- 
cant differences between IPI and control schools on the 
criteria of problem solving. 

The above null hypothesis, similar to hypothesis 

seven, also could not be rejected. As indicated in Table 11, 
the performances of students in both IPI and control schools, 


who took the four different problem solving modes were not 


Signitacantly different. 


Hypothesis Nine: 

Controlling for arithmetic ability, there are no 
Significant differences between IPI and control schools 
on the criterion of problem solving. 

The ninth and finaly hypothesis, as analyzed in 

Table 12 could not be rejected. Differences between IPI and 
control schools, under the mentioned controlling factor, and 


on the criterion of problem solving, were not significant at 


the .05 level. 


ADDITIONAL RESULTS FROM THE ANALYSIS OF DATA 


The Variable of Intelligence 

Although verbal and nonverbal intelligence quotients 
were not taken into account in the major hypotheses of this 
study, individual scores in these areas were however, obtained, 
recorded and analyzed with the various sample arrangements 
utilized in the major hypotheses of this study. 

For example, upon observing the scores, as shown in 
Table 13, it became apparent that there were differences in 


verbal and nonverbal intelligence between the subjects 
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in the four modes. The combined verbal and nonverbal intelli- 
gence quotients scores were used as controlling Factors: in the 
One-way analysis of covariance (ANCV 10) design to test the 
total sample differences between the four modes of the 
criterion problem solving test. Table 14 indicates however, 
that differences between the four mode groups were not 
SLonleicaent. 

However, when controlling for verbal intelligence 
Separately, and using the equal cells sample of high and low 
ability arithmetic students described for the analysis of 
hypothesis three, some interesting results did emerge. (See 
Tables 6 and 7). Utilizing the two-way analysis of covariance 
ANCV 20) technique on the above sample, with verbal 
intelligence the covariate and problem solving ability the 
criterion measure, significant differences between modes of 
presentation appeared (Table 15). Table 16 shows the adjusted 
problem solving test means of the high and low arithmetic 
ability groups and of students an the four mode groups. 

When controlling for the nonverbal aspect of intelli- 
gence on the criterion of problem solving, a similar result 
to that reported for the verbal 10 control was found. Again 
the two-way analysis of covariance (ANCV 20) was utilized 
with the same high and low arithmetic ability groups, and 
as shown in Table 17, an acceptable level of significance 
was indicated. Table 16 also shows the adjusted problem 
solving test means of the high and low arithmetic ability 


groups and of the students in the four mode groups. The 
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particular instruments used for measuring intelligence quo- 


tients were the Lorge-Thorndike tests. 


Comparisons Between Total and Restricted Sample 


Upon seeing that there were significant differences 
among the different presentation mode groups when dealing 
with the restricted sample of arithmetic ability subjects and 
controlling for intelligence, it was decided to consider, 
more closely, the differences between restricted and total 
sample. Table 18 gives the results of an analysis of vari- 
ance on the problem solving criteria. This information came 
as part of the two-way analysis of covariance (ANCV 20) design 
used to test hypotheses two and three. 

Table 19 shows the mean problem solving scores for 
the subjects in each of the eight cells based on presentation 
mode and arithmetic ability. Since there was a significant 
difference in the presentation mode variable it can be 
assumed that this difference stemmed, at least in part, from 
the difference between the low achievers in the R and RLV 
mode respectively. 

Table 20 indicates the mean scores for the total 
group based on the grouping according to presentation mode. 
According to the testing of hypothesis one, these mean scores 
were not significantly different. In comparing the differences 
among the presentation mode groups of the total sample, with 
the differences among the same presentation mode groups of 
the low arithmetic ability, it is evident that the total 


sample does not indicate as large a difference between the 
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R and the RLV modes. 
SUMMARY OF THE RESULTS 


The results of the data analysis may be summarized 
as follows: 

For the major research hypothesis 

(1) There were no significant differences among sub- 
jects who were presented with the different modes of the 
problem solving test, in their ability to solve problems. 

(2) On the criteria of problem solving ability, when 
adjustments were made for differences in arithmetic and 
reading ability, either separately or together, there was no 
significant interaction between modes of presentation and 

(a) arithmetic ability, 
(b) reading ability 
(c) types ofisechools. (IPI or Control) 

(3) On the criteria of problem solving, there were 

Significant differences between 
(a) high and low students in arithmetic 
(b) high and low students in reading 

(4) There were no significant differences between IPI 
and Control school students on the problem solving criteria. 

Further analysis revealed that: 

(1) when controlling for verbal and nonverbal intelligence 
for the total sample on the criteria of problem sol- 


ving, no significant differences between the four 


resentation modes were indicated. ; | 
(2) ana controlling for verbal and nonverbal intelligence 


for the restricted sample of high and low arithmetic 
ability students, there were significant differences 
between modes of presentation. 
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Chapter 5 


SUMMARY, CONCLUSIONS, IMPLICATIONS AND SUGGESTIONS 
FOR FURTHER RESEARCH 


SUMMARY 


The purpose of this research was to investigate the 
relationship of mode of presentation to student performance 
in arithmetic problem solving. 

Two hundred and thirty-four grade six pupils partici- 
pated in the study. Every student in the population was 
randomly assigned to one of four treatment groups, each of 
which consisted of one of the presentation modes described in 
chapter one. The treatment for each of the four groups dif- 
fered with respect to the way in which ten questions ina 
problem solving test were presented. For example, the R-mode 
group were given print only (Appendix A), the LR-mode section, 
a taped verbatim accompaniment of the R-mode test, plus the 
same R-test mode; the VR-mode group were presented with a com- 
bined visual-printed version of the questions, and the RLV- 
mode group were administered a three sense mode approach to 
the problem solving test. The problem solving tests were 
considered equivalent except for this presentation factor. 

The actual administration of testing was done by the 
researcher and one classroom teacher in each school. The 


researcher was able to handle two of. the problem solving test 
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67 
modes in one sitting; one that involved the tape recorder 
(RLV or LR) and one of the other two which did not (Reor VAR. 
While these two tests were in progress the regular teacher 
administered The Metropolitan Achievement Test to the other 
two test groups. Upon completion of the first sitting, the 
groups were exchanged. Thus at the end of two 25-minute 
sittings a problem solving and a reading ability score was 
ebtained for each subject in the study. Arithmetic ability 
scores for every pupil were supplied by the Human Resources 
Research Council of Alberta. These scores were obtained from 
the mathematics section of The Canadian Test of Basic Skills 
which had been administered by the Council in early September, 
PoGo). 

On the basis of all data obtained, the comparative 
effectiveness of reading, listening and visual presentation 
modes were analyzed separately and with respect to high and 
low ability students in reading and arithmetic. Interactions 
between mode of presentation and reading and/or arithmetic 


ability were also tested. 


CONCLUSIONS 


Conclusions With Respect to Major Hypotheses 


Hypothesis one: According to the results of testing 
hypothesis one, there would be no advantages in considering 
specific modes of presentation of verbal arithmetic problems 
at the grade six level. In this study, fordthei total: sample 


of students tested, none of the R, LR, VR or RLV mode groups 
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68 
had any significant advantage over the other. Considerations 


of the arithmetic and reading ability of the pupils were not 


factors in this hypothesis. 


Hypotheses two and three: Perhaps not surprising is 


the evidence that high ability arithmetic students demon- 
strated problem solving ability which was superior to that 

ef the low ability group. There was also no significant 
interaction between presentation mode and arithmetic ability 
because for all modes, the high ability group attained higher 
problem solving scores than did the low ability group. It 
can be concluded that no one mode was more advantageous than 


any other mode for any particular ability group. 


Hypotheses four and five: High reading ability 


students in the study were able to achieve significantly 
higher problem solving mean scores than their low ability 
counterparts. There was also no significant interaction 
between presentation mode and reading ability because for all 
modes, the high ability group attained higher problem solving 
scores than did the low ability groups. It can be concluded 
that no one mode was more advantageous than any other mode 


for any particular ability group. 


Hypotheses six, seven, eight and nine: On the basis 


of results from these study hypotheses, student membership 
in school type, (IPI or Control) was not a significant factor, 
Under the controlling effects of reading and arithmetic 


ability we still could not expect students incthesIPI schools 
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69 
to do significantly better in arithmetic problem solving than 
those in the control schools, and vice-versa. 

Finally, there was also no Significant interaction 
between types of schools (IPI and Control) and modes of 
presentation because, for all modes, the IPI school students 
attained higher problem solving scores, although not signifi- 
cantly so, than did the Control school students. It can be 
concluded that no one mode was more advantageous than any 


other mode for membership in particular schools. 


Conclusions with Respect to Additional Analysis 


The conclusion based on hypothesis one was that on 
the criterion of problem solving, grade six students in 
general should not be expected to perform significantly 
better in any one of the four presentation modes. However, 
if the high and low arithmetic sample of students are con- 
sidered, and if the variable of intelligence is controlled 
for, it may be concluded that students in the reading, 
listening, and visual (RLV) presentation mode may be expected 


to achieve Significantly better than those in the reading (R) 


mode group. 
IMPLICATIONS 


The conclusion that any one mode is as successful as 
another when it comes to presenting arithmetic problem solving, 
still must hold. However, since children react best to a 
variety of materials, it can be implied that R, LR, VR, and 


RLV materials can be used with equal efficiency and at the 
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70 
Same time provide curriculum variety. Research findings 
(Riedesel, 1969) indicate that pupils react well to a variety 
of problem settings. He reports that although a best tech- 
nique has not been found for problem solving, the following 
have been found to increase problem solving ability: 

(1) Make use of drawings and diagrams as a technique 
to help pupils solve problems. This technique is helpful to 
pupils ofall ability levels. 

(2) Make use of orally presented problems. This 
approach forces the pupil to "sSize-up", the situation quickly. 
It is also representative of many out-of-school problem 
solving situations. 

(3) Tape recordings of the textbook problems can be 
used with pupils who have difficulty reading them. (p. 55) 

A point with regard to the total sample used in 
hypothesis one may be worth mentioning. Since we were 
dealing with the whole range of pupils, one may perhaps con- 
sider the total group as that of average ability. In this 
regard, there are perhaps legitimate occasions within the 
classroom, school, or system when curriculum decisions are 
made on the basis of the average. Perhaps the greatest bulk 
of library or resource materials would fall under this 
category. Most individual subject textbooks, for example, 
are also designed with the total realm of ability levels arr 
mind. If it is this average or mid-ability grouping that we 
project our efforts toward, we can perhaps be safe in saying 


that no one presentation mode, reading, visual or auditory, 
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or mode combination need be considered with superiority over 
another. 

If our instructional techniques are geared to the 
average pupil in large group situations, and there are per- 
haps times when this is both necessary and desirable, then 
variations in presentation mode need not be of any real 
concern. 

Conventionally, teachers employ the printed mode 
because it is the most convenient; not because it is the most 
beneficial for the student and his involvement with curriculum. 

The observation that high arithmetic ability pupils 
do significantly better than low ability pupils in problem 
solving, under the controlling effects of reading ability, is 
not overly surprising. Since success in arithmetic problem 
solving depends on a child's understanding of certain basic 
arithmetic concepts, such as number, numeration, and compu- 
tation, therefore it is necessary for us to help children, 
especially the low ability group, to understand these concepts 
in order to solve story problems more efficiently. 

If it can be concluded that high reading ability 
students will do significantly better than low reading ability 
students in verbal arithmetic activities, then there are 
various implications for both educational curriculum and 
instruction. Since success in arithmetic problem solving 
depends, in part, upon a child's reading ability, therefore 
it is necessary for us to help children, especially the low 


reading ability groups, to improve their reading skills in 
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order to solve problems more efficiently. 

Taschow (1969) says that "the mathematics instructor 
needs to be aware of the Special reading problems that are 
involved in translating math symbols into verbal statements" 
(p. 62). He also holds that technical vocabularies and their 
Special concepts, the use of specialized meanings for general 
words, and the varied mathematical symbols should not be left 
to incidental learning. He suggests that a small amount of 
direct and planned teaching of terms and concepts can pro- 
duce dramatic results both in the comprehension of these 
terms and in superior achievement in subject matter. 

On the other hand, perhaps reading ability should not 
be such an important factor in determining success in arith- 
metic. Even the four presentation modes of this study had a 
common reading print channel. 

Obviously, this study did not look at the realm of 
instructional practice in the IPI and Control schools 
currently being field tested with respect to individualized 
instruction. The fact that there were no significant dif- 
ferences between IPI and Control schools with respect to 
problem solving criteria, nor with respect to membership-- 
mode of instruction was not to diminish the credibility of 
one system over another. Perhaps the IPI system OL instruc 
tion has not had sufficient time to register any differences. 
Perhaps students have adapted to the new instructional 
design, and if that were so, we could not expect difference. 


Perhaps an enthusiasm of an individualized approach overcomes 
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unforeseen weaknesses. 


Implications With Respect to Additional Analysis 


Analysis of hypothesis one suggested that if consi- 
dering overall groups of stuents, specifically grade six 
students in general, considerations of mode of instruction 
are not important. Curriculum materials and instructional 
techniques for the average population need not consider 
individual preference or need with respect to small group 
ability levels. 

It appears, however, that if we are to consider indi- 
vidual learners or learner groups, specifically the high and 
low arithmetic ability groups, then consideration of mode 


should be made. 
SUGGESTIONS FOR FURTHER RESEARCH 


This study was conducted with grade six pupils. 
Would the results have been different for other levels of 
students? For example, Hoke (1970), who studied parental 
opinions of the IPI program, found that every parent who had 
a level one student working in the IPI program questioned the 
value of the instructional method for these students. Many 
felt that the difficulty of the materials was beyond the 
ability levels of these young children. A study with these 
students may prove interesting. 

Low ability arithmetic students in this study seemed 
to gain more than high ability arithmetic students on the 


RLV mode over the R mode of the problem solving test. Perhaps 
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a larger sample of students with better high-low separation 
could give further support to this. More items in the treat- 
ment tests should also be a consideration in any such alternate 
designs. 

Perhaps a pre-post experimental design could be tried 
with groups of students who would study an arithmetic topic 
through a particular instructional mode. Necessarily, pre- 


and post-test instruments would also have to be mode-orientated. 
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L3.. The Jackson's. family car, travelling down the highway, pass 
a Siem which reads Dearborn LoS mites. “Te when they pass: the 


sien their odometer reads 4069 miles, what numerals will app- 
ar on the odometer when they reach Dearborn? 
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Poe oe halt time the ball is placed on the Cats 4&5 yard line. The 
kicker blasts the ball 65 yards where the Bears receive it. If 
Uox, the Bears receiver, runs the ball back 15 yards, where will 
the referees place the ball for the Bears first play from 
scrimmage? 
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10. If the Bears began a play from their own 10 yard line, how many 
times farther do they have to go in order to score a touchdown 
pomotescays’ (Hint: freld 110 yards lone.) 
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ve pee trip across Vanade, the Willis family stopped at Riviere 
u Loup. At that point their car's odometer read . 
ire ; * anh Ds . ea TS (| 
Two hours before reaching tiviere Du Loup they had eaten lunch at 
a town called Edmunston. If Mr., Willis averaged 60 miles per- 
hour, what should have been their odometer reading at Edmunston? 
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On their trip West Fraser noticed that at Winnives, Manitoba, 
their car's odometer recorded three thousand miles. This was six 
times as many miles as was on their car odometer at Quebec City, 
Guebec some three days before. Which of the odometers below was 
the correct reading at Quebec City? 


(a) Loli] sfojolo| 
(b) lojolalsfofo} 
( 
( 


a 


c) [olololelolo| 
a) [ololols]o[o| 
Billy wanted to check how accurate the milage sign was that told 
them how many miles they still had to travel to reach IHercoville. 
Vormoomtnbe sie recorded the odometer reading at 37,651 miles.” is 


the odometer showed 38,106 when they entered Mercoville how many 
miles back should the sign have been? 
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The Jackson's family car, travelling down the highway, passes a 
sign which reads Dearborn 185 miles; If when they pass the s2gn, 
their odometer reads 4069 miles, what numerals will appear on the 


odometer when they reach Dearborn? 
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Mr. Jackson told Billy, his son, that their new car, which has 
no oe on it, will have travelled about three thousand miles 
when they reach Vancouver, British Columbia, from Dartmouth, Nova 
Scotia. When the Jacksons reached Kenora, Ontario, Mr. Jackson 
said that they were one-half (4) of the way home. Which of the 
odometer readings below would be like theirs at Kenora? 
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Lawrence Boner decided to attend a hockey game in Cartier, 
Quebec. A sign beside the road told him that Cartier was three 
hundred miles away. If when he arrived at Cartier his odometer 
read [O/9[6]2]1][0] what would his odometer have read when he 
passed the distance sign? 
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During a football game between the Bears and the Cats, the Bears 


scored a thouchdown on a pass and run play. Here is how it went. 
inwevolay Started on the Bears 40 yard line. Johnson, the Bear's 


PQuerterback passed for 35 yards and Boners, their offensive end, 


Ranechesre-t of the way for the T.D. if the fieid lengium as TO 
Varos snow far did Boners have to run to score? 


(a) 75 yards 

(oj 35 yards 
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(d) 70 yards 
Ptewee snow the Cats turn at Offence. their play series began at 
their own 29 yard line. On a running pléy Reimer, the Cats full- 
back ran the ball to the Bears 35 yard line. How far did he run? 
(Remember the full length is 110 yards.) 

(a) 64 yards 

(b) 39 yards 

(c) 56 yards 


(d) 46 yards 
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me helt ame the ball is placed on the Cats 45 yard line. The 
hc cer etles tS the ball 65 yards where the Bears receive it. If 
Gox eube bears receiver, runs the ball back 15 yards, where will 
tee, clerees place the ball for the Bears first play from 
scrimnage? 


(ajeO ya. line 
(iigmeoe yc. line 
(ce) goal line 

(ime Oy ds line 


If the Bears began a play from their own 10 yard line, how many 
times farther do they have to go in order to score a touchdown 
Onmowewoste. «(Hint: tield 110 yards lone.) 
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